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FINAL  TECHNICAL  REPORT-  FA9550-1 1-1 -0095 

Final  accomplishments: 

In  this  work  the  magnetic  and  dielectric  properties  of  ceramic-ceramic  and  ceramic- 
polymer  composites  with  BiNb04,  SrBi2Nb209  (SBN),  BaB^T^Ois  (BBT), 
Na2Nb40ii(NN0),  Sr2CoNb06  (SCN)  and  ferrites  BaFei20i9  and  YsFcsOn  (YIG)  was 
studied  for  RF  and  microwave  applications.  New  configurations  of  magneto-dielectric 
composites  and  blends  structures  for  high  frequency  applications  was  done.  The  0-3 
type  dielectric  and  magnetic  composites  with  homogenously  distributed  ceramic 
inclusions  was  fabricated  in  a  polymer  matrix.  Magnetic  Yttrium  Iron  Garnet  (YIG)  and 
(SBN)  powders  were  used  to  enhance  the  permittivity  and  permeability  of  the 
composites.  This  group  of  dielectric  and  magnetic  phases  was  studied  in  the  RF  and 
microwave  region.  The  microstructure,  high  frequency  dielectric  and  magnetic 
properties  of  individual  layers  and  2-2  composites  was  investigated  and  measured. 

A  new  method  for  the  measurement  of  the  temperature  coefficient  of  resonant  frequency 
(x/),  is  presented.  The  traditional  method  (based  on  the  Courtney  method)  present  some 
limitations  of  measuring  the  values  of  x/ ,  for  samples  with  high  dielectric  loss  due  to  their 
inability  to  observe  clearly  the  TEon  mode.  The  new  experimental  setup,  to  measure  the  Xf 
value,  is  based  on  the  variation  of  the  temperature  of  the  dominant  mode  of  a  dielectric 
resonator  antenna  (DRA). 

The  study  of  the  thermal  stability  of  magneto-dielectric  composites  is  important  for 
applications  at  the  microwave  band  and  in  the  millimeter  and  near  millimeter  region  (100- 
300GHz)  where  the  thermal  stability  of  the  resonators  is  fundamental. 

In  this  project  we  are  investigating  experimentally  and  numerically  this  new  method  to 
measure  the  thermal  stability  of  layered  dielectric  and  magnetic  composite  structures  for 
RF  and  Microwave  Applications  . 

In  the  area  of  communication  is  important  that  the  devices,  responsible  for 
transmitting/receiving  data  have  its  characteristics  preserved  in  whatever  temperature 
environment  they  are  submitted.  This  new  method  for  the  measurement  of  the  temperature 
coefficient  of  resonant  frequency  (xf),  is  presented.  The  traditional  Courtney  method, 
present  some  limitations  of  measuring  the  values  of  Xf,  for  samples  with  high  dielectric  loss 
due  to  their  inability  to  observe  clearly  the  TEOl  1  mode.  The  new  experimental  setup 
(figure  below),  to  measure  the  Xf  value,  is  based  on  the  variation  of  the  temperature  of  the 
dominant  mode  of  a  dielectric  resonator  antenna. 
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Modified  setup,  for  the  measurement  of  Xf 

A  new  method  to  measure  the  microwave  thermal  stability  coefficient  Xf 
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To  use  this  new  method  a  group  of  traditional  materials  were  used  to  compare  the 
traditional  and  new  method 


TABLH  ].  TEioij,  H£|tj  e  TMul^  modes  and  dielectfic  patamerers  of  CTO, 
AhOj,  ajid  BTNO  dielectrics. 


CaTiOi 

ABOi 

BTNO 

a  (mm) 

7.4K 

12.70 

7.31 

h  (mnii) 

H.{>4 

12.70 

7.3K 

a(ninii)/{i(mni) 

0^3 

J 

0.99 

92.25 

9.K0 

63 .6S 

tan.i> 

5.S1  X  10"^ 

1  11  X 10’^ 

5.61  X  10"- 

/tiHsicpifc  (tiHz)  mea-sured 

1  m 

3.0S9 

2439 

/rei  (OHz)  calculated 

I.S37 

3.147 

2.32S 

fTusivi-  (^Hz)  calculated 

I.KBO 

3.201 

2.2KK 

/tsuij  (Uliz)  calculated 

2.695 

4.527 

.3.357 

Used  samples  in  the  measurements 

The  comparative  between  the  two  systems  for  measurement  of  Xf  values,  show  excellent 
agreement,  as  observed  in  Figure  4.  In  the  Courtney  procedure  the  obtained  value  is  621.10 
ppm/°C  and  compares  to  624.32  ppm/°C  obtained  in  the  DRA  procedure.  Both 
measurements  exhibit  the  same  linearity  and  angular  coefficient  (see  Tablell  and  Figured). 
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The  frequency  evolution  of  the  HEna  mode  with  increasing  temperature  for  DRA 
procedure  is  showed  in  Figure  5,  where  the  HEna  mode  is  isolated  and  well  defined.  The 
decrease  in  the  return  loss  (in  modulus)  is  associated  to  impedance  matching  variation  due 
to  volumetric  expansion  and  the  change  in  value  of  dielectric  permittivity  the  DRA  with 
temperature.  The  measurement  of  Xf  for  the  BTNO  phase  was  not  reported  in  the  literature. 
We  believe  that  the  reason  is  the  high  dielectric  loss,  which  almost  do  not  allows  to  use  the 
Courtney  method.  In  this  case,  the  resonances  are  too  broad.  Considering  the  Courtney 
geometry,  the  quality  factor  for  TEoi  i  mode  is  low,  leading  to  a  broad  band.  The  monitoring 
of  the  resonant  frequency  shift  with  temperature  is  quite  difficult  with  the  enlargement  of 
this  band  and  a  very  poor  mode  visualization,  see  Figure?. 

In  the  present  proposed  new  method,  the  measurement  of  the  Xf  for  BTNO  is  quite 
satisfactory.  The  HEna  mode  is  quite  strong  and  well  defined  .  The  value  of  Xf  =-104.19 
ppm/°C  (Table  II)  was  obtained  for  the  first  time.  The  linearity  for  frequency  shift  with 
temperature  increase  is  showed  in  Figure  9,  where  a  good  linear  agreement  of  the  frequency 
with  temperature  was  obtained. 
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FIG.  ].  of  \imm  by  tlie  Courtney  metbod  for  the  BTNO 
resionator. 

TASLE  il.  Miasufttiienls  of  if  of  HD,  AI,Oj.  and  BTNO  from  Courtney  and  DR/V  lueihodi. 


Meitiod 


Ceram  k 

Courtney  meiliod 

DtekcErlo  lesoiiatar  aiiteiuta 

EiTor(%) 
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624.32 
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In  conclusion  a  new  experimental  configuration  to  measure  the  temperature  coefficient  of 
resonant  frequency  (xf)  in  dielectric  resonators  was  presented.  The  new  experimental  setup, 
to  measure  the  Xf  value,  is  based  on  the  frequency  variation  with  the  temperature  of  the 
HEiid  mode  of  a  DRA.  The  method  is  quite  compatible  with  the  measurement  of  Xfof  the 
Courtney  method.  The  obtained  results  by  measuring  the  Xf  value  of  CTO  and  AI2O3,  in  this 
proposed  method,  is  presenting  excellent  agreement  when  compared  to  the  traditional 
Courtney  method.  The  dielectric  loss  is  less  affected  in  this  method  and  this  is  the  most 
important  advantage  that  was  obtained.  In  the  tests,  the  Xf  of  the  sample  with  higher  loss  ( 
>10’^)  was  obtained.  In  this  case,  the  Xf  value  for  the  BTNO  resonator  was  -104.19  ppm°C 
.  The  analysis  of  the  temperature  coefficient  of  resonant  frequency  (xf)  in  dielectric 
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resonators  is  an  important  property  for  the  development  of  high  frequency  electronic 
devices,  considering  that  this  is  a  fundamental  parameter,  for  the  production  of  new 
components  like  filters,  oscillators  and  antennas,  with  high  thermal  stability. 

REF  Journal  of  Applied  Physics  1 1 2(7),  074 1 06  (20 1 2)  (AIP) 

M.A.S.  Silva,  T.S.  M.  Fernandes  and  A.S.B.  Sombra 
doi:10.1063/1.4755799 
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ELECTRICAL  AND  STRUCTURAL  PROPERTIES  STUDY  OF  LAYERED 
DIELECTRIC  AND  MAGNETIC  COMPOSITES  AND  BLENDS  STRUCTURES  FOR 
RF  AND  MICROWAVE  APPLICATIONS 
A.S.B.Sombra,  Federal  University  of  Ceara  -  BRAZIL 


The  study  of  layered  magneto-dielectric  composites  structures  is  important  for 
applications  at  higher  frequencies  where  the  use  of  metals  is  leading  to  higher  ioss.  This 
kind  of  component  based  in  a  new  configuration  and  using  a  new  group  of  magneto¬ 
dielectric  composites  and  biends  is  expected  to  present  better  bandwidth,  low  loss,  high 
impedance  matching  that  will  open  the  possibility  to  be  used  in  radars,  communication 
devices,  navigation  equipments,  and  so  on. 

The  use  of  special  structures  based  in  composites  and  blends  is  important  for 
components  operating  at  high  frequencies. 


In  this  work  the  magnetic  and  dielectric  properties  of  ceramic-ceramic  and 
ceramic-polymer  composites  with  BiNb04,  SrBi2Nb20g  (SBN),  BaB^T^O^s  (BBT), 
Na2Nb40ii(NN0),  Sr2CoNb06  (SCN),  FeMbTiOg,  BiFeOg  ,  CaTii.x(Nbi/2Fei/2)x03  and 
ferrites  BaFei20ig  Ba2Co2Fe-,2022  (C02Y)  and  Y3Fe50-,2  (YIG)  was  studied  for  RF 
and  microwave  applications. 


The  study  of  the  thermal  stability  of  magneto-dielectric  composites  is 
important  for  applications  at  the  microwave  band  and  in  the  miilimeter 
and  near  miliimeter  region  (100-300GHz)  where  the  thermal  stability  of 
the  resonators  is  fundamentai. 


in  this  presentation  we  wili  discuss 

—  A  study  in  the  structurai  and  microwave  properties  of  the  alioy  matrix  of 
C  aTi .x(  N  b-i /2  Fe -I /2)x03 

—  Ferrimagnetism  and  Ferroelectricity  of  the  Composite 
Matrix:  SrBi2Nb209(SBN)x-BaFe-,20i9(BFO)-,oo-x 

—  A  new  method  to  measure  the  microwave  thermal  stability  coefficient  Xf  of 

materials 


HIGH  THERMAL  STABILITY  OF  MICROWAVE  DIELECTRIC 
PROPERTIES  OF  CaTi^.x  CERAMICS 


In  this  work,  we  studied  and  discussed  the  structurai  and  microwave  dieiectric 
properties  of  the  B-site  modified  calcium  titanate  ceramics.  The  compounds  were 
prepared  by  a  new  procedure  in  the  conventionai  soiid-state  method.  They  were 
properly  studied,  using  X-ray  diffraction  (XRD),  Raman  Scattering  spectroscopy,  and 
microwave  dieiectric  properties.  Therefore,  the  refinement  analysis  of  the  XRD  was 
presented  and  discussed. 
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Fig.  2.  Uidt-cell  PzuraiDiritnrb-  (10“’  luii)  Eur  f.'NFTCJ.V  juries. 
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Fig.  4.  DLdtMnric  pcrnuitiviir  of  C3^FTOX  (□  <  x  <  1)  fcr 

TjbiII  iiiillw]  sia|4ts  -n-itli  bzill/iufUiH  ratio  a(  2.-1,  raLdiiallexj  at 
9[M)°C  (fur  Sh)^  skod  yuitcred.  at  (fur  3b]l. 


Fig..  tt_  Tf  txf  CN’FTOX  (□  ^  x<  1)  for  ball  luJlml  saiiL^dK 
vLtb  ball/iLia±tK  ratfo  of  2.4.  calcioatKt  at  1MKI°C  (for  l^b)^  aiK  ^ 
siiLtm.Hi  at  UW*C  (fur  :5  b).  ^ 


Results  showed  that  the  samples  belong  to  the  Pbnm  spatial  group. 

The  microwave  dielectric  properties  of  the  Ca[(Fe-,/2Nb-,/2)xTi-,.J03  for  bail-milled 
samples  (with  ratios  of  1  and  2.4  balls/g),  calcinated  at  900°C  (with  different  time 
of  exposure  -  3  and  5  h),  and  sintered  at  1100°C  (for  3h)  were  investigated. 

Dielectric  permittivity  values  in  the  range  of  20  to  80  were  obtained. 

Regarding  the  studied  samples,  the  quality  factor  values  increased  with  the 
decrease  of  the  titanium  substitution  in  the  region  from  x  =  0.2  to  0.7.  Considering 
the  increase  of  the  x  value  (titanium  substitution),  we  observe  the  decrease  of  the 
temperature  coefficient  of  resonant  frequency  (if).  The  CNFTO  has  excellent 
microwave  properties  at  x  =  0.6,  with  a  temperature  coefficient  of  resonant 
frequency  (xf )  aimost  zero  (xf  =  2.8  ppm/°C).  At  x  =  0.7,  the  Xf  values  became 
negative  and  Q.f  decreases. 
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Ferrimagnedsm  and  Ferroelectricity  of  the  Composite 
Matrix:  SrBi2Nb209  (SBN)x-BaFei20i9(BFO)i«(^.x 


In  thi5i-  paper  a  studv'  of  the  niagnetie  and  dieleeiric  prop- 
ertie:s.  of  eoinpoiibites  bafied  on  M^yp&  barium  tieKaferriie 
BFO  (f3aFe,30,^)  and  SUN  ( is  presented. 
~rhe  magneto-dielectric  inatrix  composite  ( Sirl3i:^Nb^>^>K 
(13iaf-  ei3^>i.,>ioo-«:-.  ~  O, .25^  0,75  and.  lOO  wt^)  were  pre¬ 

pared  by  a  new  procedure  using  the  solid  s-tate  reaction 
method. 


In  this  work,  our  main  goal  is  to  develop  a  dielectric  material  that  is  able  to 
respond  to  both  electric  and  magnetic  stimulus,  i.e.  that  is  ferroelectric  and 
ferromagnetic. 

To  do  so,  we  use  the  Auriviliius  ceramic  SrBi2Nb20g  and  the  Hexaferrite 
BaFei20ig-  Such  a  materiai  could  be  applied  in  the  same  way  that  common 
dielectrics  (as  dielectric  resonator  antennas,  for  example)  but  opening  a 

wide  range  of  possibilities  to  make  the  application  of  ceramics  to  electronic 
devices,  memories  and  teiecommunications  more  useful  and  powerful. 


BiaOa  -i-  -i-  SrCOj  SrBbNbjOL^  +  CCh 

BaO  +  bKciOj  -*  BaFeisOiy 
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Figurr  I.  \-Ray  dilfraclogrymi!  far  SBMOO,  BF4'M!(LBPOlllti 
samples. 
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Table  1.  Kieheld  refinement  parameters. 


Sautple 

SBN  100 

BFOlOO 

a  lau) 

assis 

0JS6A 

btami 

0.5513 

0J«6g 

C<nu) 

15024 

2JI(M> 

I>eBsily 

7^93 

5.358 

Voluaie 

0.761062 

0.6R90T4 

Kp 

10.74% 

27.43% 

R.P 

I4.T% 

34.96% 

R.M1 

1  L6% 

22.73% 

s 

1.27 

IJ4 

Table  2.  Kelalive  density  af  the  samples  obtained  from  the 
Archimedes  method. 
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Table  5.  Magnetic  Hysteresis  parameters  of  the  samples. 
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Conclusions 


A  complex  behavior  was  observed  for  the  loss  tangent  over  the  radio  frequency 
range,  which  means  that  less  lossy  samples  could  not  help  keeping  this  characteristic 
over  entire  frequency  range.  The  magnetic  hysteresis  loops  showed  that  composite 
samples  preserve  the  ferrimagnetism  for  hexaferrite  when  SBN  is  added  to  the 
composite,  although  they  become  less  coercive.  For  electric  hysteresis  the  density  of 
the  samples  are  not  high  enough  to  define  the  true  behavior  of  ferroelectricity  in 
composite  samples. 

For  further  works,  the  properties  over  microwave  frequency  range,  thermal 
influences  on  the  dielectric  properties  will  be  investigated  for  possible  applications 
of  the  composite. 
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A  NEW  METHOD  FOR  THE  MEASUREMENT  OF  THE  MICROWAVE 
TEMPERATURE  COEFFICIENT  OF  RESONANT  FREQUENCY  (if). 
A.S.B.Sombra,  Federal  University  of  Ceara  -  BRAZIL 


The  study  of  the  thermal  stability  of 
magneto-dielectric  composites  is 
important  for  applications  at  the 
microwave  band  and  in  the  miilimeter 
and  near  millimeter  region  (100- 
300GHz)  where  the  thermai  stability  of 
the  resonators  is  fundamental. 
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A  new  method  to  measure  the  microwave 
thermal  stability  coefficient  if 
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TABLE  J.  TEc)|j,  HEh^  e  mode^  and  dielectric  parameters  of  CTO, 

ALOi,  ajtd  BTNO  dielectrics. 
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TABLE  ii.  Mesuiirenientii  of  of  CTO,  AUO^.  and  BTNO  from  Courtney  and  DUrV  jneihods. 

Method 

Courtney  nietlvod 

Dieleeirk  lessondiur  auteima 

fVfjimir 

Error  esi)  A/^ATIAngularcoeftident)  r^fppni^C"') 

Error 

A^AT  {Angular  coefficient) 

CaTiOi 

ALOi 

BTNO 

62i.l6 

-47.3K 

aiOii  1.72  X  nr*  624.32 

0.015  -247x10’^  --44.20 

-  -  -IU4.I? 

0.035 

0.021 

l.lKxlO"* 

-1.37x10"^ 

-2.54x10"^ 

In  this  work  a  new  experimental  configuration  to  measure  the  temperature  coefficient  of 
resonant  frequency  (xf  )  in  dielectric  resonators  was  presented.  The  new  experimental  setup, 
to  measure  the  Xf  value,  Is  based  on  the  frequency  variation  with  the  temperature  of  the 
HEUdmode  of  a  DRA.  The  method  is  quite  compatible  with  the  measurement  of  Xf  of  the 
Courtney  method.  The  obtained  results  by  measuring  the  Xf  value  of  CTO  and  AI203,  In  this 
proposed  method,  is  presenting  excellent  agreement  when  compared  to  the  traditional 
Courtney  method.  The  dielectric  loss  is  less  affected  In  this  method  and  this  is  the  most 
important  advantage  that  was  obtained.  In  the  tests,  the  Xf  of  the  sample  with  higher  loss  ( 

>10'^)  was  obtained.  In  this  case,  the  Xf  value  for  the  BTNO  resonator  was  -1 04.1 9  ppm.  C  . 
The  analysis  of  the  temperature  coefficient  of  resonant  frequency  (xf  )  in  dielectric  resonators 
is  an  important  property  for  the  development  of  high  frequency  electronic  devices, 
considering  that  this  is  a  fundamental  parameter,  for  the  production  of  new  components  like 
filters,  oscillators  and  antennas,  with  high  thermal  stability. 
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